Measurements of the lipogenic rate in adipose tissue samples obtained sequentially by biopsy from the same pig may be useful for many nutritional experiments. The average lipogenic rate over a short period (several days to 2 weeks) appears to be relatively stable if the pigs weigh about 20 kg initially and if approximately 10 animals are allotted to each experimental group. The lipogenic rate is readily influenced by the feeding regimen (amount and timing). It is easily lowered by less than ad libitum dietary intakes and is influenced especially by the intake pattern for several days preceding the rate determination. In two different experiments, the lipogenic rate obtained at either 20 or 50 kg body weight was not effective as a predictor of backfat thickness or loineye area measured 13 or 6 weeks later, respectively.
Introduction
A number of investigators have utilized the lipogenic rate-i.e., the incorporation of radiolabeled precursors into lipids-or the activity of selected enzymes to assess lipogenesis during development of adipose tissue in strains of pigs with different fattening propensities (Martin et al., 1973; Hood and Allen, 1973a; Steele et al., 1974; Martin and Herbein, 1976; Steele and Frobish, 1976) . Lipogenesis in single strains of 1Present address of author to whom correspondence should be sent: Roman L. Hruska US Meat Animal Research Center, USDA, SEA--AR, Clay Center, NE 68933. pigs has been similarly measured during growth (Allee et al., 1971b; Anderson and Kauffman, 1973; Hood and Allen, 1973b; Mersmann et al., 1973) . In addition, Leveille and co-workers have used the lipogenic rate in swine backfat extensively to assess the effects of different dietary constituents on adipose tissue metabolism (for example, O'Hea and Leveille, 1968; Allee et al., 1971a Allee et al., , 1972 Waterman et al., 1975) .
In most studies, the adipose tissue has been obtained at slaughter, but in some cases, backfat samples have been obtained by biopsy techniques. The biopsy procedure is of particular interest in that the same animal can be measured repeatedly. This technique has been especially valuable for the temporal assessment of nutritional or endocrine effects (e.g., Allee et al., 1971a,c; Romsos et aL, 1971 ) and for use with rare animal types (Martin et al., 1973; Steele et al., 1974; Steele and Frobish, 1976) . Although the lipogenic rate in adipose tissue biopsy samples has been measured in a variety of experimental situations, there is little information on the variability expected in tissue obtained repeatedly from the same animal. There is also a paucity of information about factors that influence the variation in the observed rates. In addition to these factors and this variation, the present paper will examine the utility of the adipose tissue lipogenic rats as a predictor of body composition in swine.
Methods
Either crossbred (Yorkshire, Hampshire, Duroc) or purebred (Yorkshire) swine were used in each study. All males were castrated at 7 to 16 days postpartum. Animals were weaned at 21 to 28 days postpartum and were fed ad 1298 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 6, 1981
libitum a corn soybean oil-meal diet 2 . Pigs were selected 1 week before the experiment and were placed in individual pens in closed, temperature controlled buildings to minimize insect and peer predation upon the biopsy wounds. In most of the studies, pigs weighed about 20 kg initially. Biopsy samples of epidermis, dermis and subcutaneous fat were obtained from the dorsal neck region about 2 cm lateral to the midline, without anesthetic, with a spring-loaded biopsy gun 3, essentially as indicated by Steele et al. (1974) . For biopsy, the hair was clipped, the skin disinfected with 1% tincture of I and the I removed with 95% ethanol. The biopsy gun borer (14.3 mm in diameter) was disinfected a, as were the forceps and scissors used to cut the bottom of the tissue plug free from the underlying tissue. Biopsy depth was usually set to approximate the level of the underlying muscle. Wounds were immediately treated with sulfa powder s and were treated again on successive days if the wound did not dry. We have never encountered an infection in these wounds.
The biopsy sample was placed in room temperature .9% NaC1, and adipose tissue slices (approximately .3 mm thick)were prepared. Lipogenesis was determined in a medium of KrebsRinger bicarbonate buffer containing 20 mM glucose (.5 /aCi UJ4C-glucose per flask) and 100 mU insulin/ml. One-hundred and fifty milligrams of slices were incubated in sealed flasks under an atmosphere of 95% O2-5% CO2 in a total volume of 3 ml; incubation was carried out for 120 min at 37 C in a shaking water bath. Lipids were then extracted from 2The ground starter diet contained 70.7% corn (IFN 4.02-935), 1.7% milo #2 (IFN 4-04-444), 15% soybean oil-meal (47.5% protein--IFN 5-04-604), 5% alfalfa meal (20% protein--IFN 1-00-024), 5% meat and bone meal (53% protein-IFN 5-00-388) and vitamin, mineral and amino acid supplements. The calculated analysis was 17.4% protein, 3.9% crude fat, 3.4% fiber, .89% Ca, .59% P, .59% methionine plus cystine, .83% lysine, 5,390 IU/kg vitamin A acetate, 198 IU/kg cbolecalciferol, 29 IU/kg vitamin E, 3.4 mg/kg thiamine, 3.3 mg/kg riboflavin, 31.7 mg/kg niacin, 13.6 mg/kg pantothenic acid, 5.2 mg/kg pyridoxine, 148 #g/kg biotin and 880 mg/kg choline. 3Prototype, Inc., Kensington, MD 20795, as described by Schied et al. (1970) .
4Amerse, Vestal Laboratories, St. Louis, MO. s Sulfareka, Haver-Lockhart Laboratories, Shawnee, KS 66203. the tissue plus medium and the radioactivity was determined. Methods have been described in detail by Mersmann et al. (1973) . Lipogenic rates were obtained from triplicate determina-,tions for each biopsy sample and averaged. All lipogenic rates are expressed as nanomoles glucose-UJ4C incorporated into lipid/150 mg of tissue/120 min at 37 C.
Data were analyzed by analysis of variance (Snedecor and Cochran, 1967) . Models for estimating the degree of post-treatment variance due to pigs, time, biopsy sites or backfat layers were devised appropriately for each particular experimental design. In some experiments, a pretreatment lipogenic rate was used as a covariate in an attempt to make comparable the post-treatment rates.
Results and Discussion
Site and Layer Variation. Four pigs of about 20 kg body weight were examined for the effect of the site of biopsy and the adipose tissue layer upon the lipogenic rate. The animals were sacrificed with a captive bolt gun plus exsanguination because of the multiple simultaneous sampling. Tissue samples of the upper and the lower layers of the dorsal subcutaneous backfat in the neck region were obtained at six sites. Bilateral sites were 2 cm lateral to the dorsal midline, with odd-and even-numbered sites on the left and right sides, respectively. Sites 1 and 2 were 2.5 cm, sites 3 and 4 7.0 cm and sites 5 and 6 10 cm posterior to the base of the skull. For each pig, the lipogenic rate varied from 15 to 20% among the six sites in each backfat layer; however, there was no discernible relationship between biopsy site and lipogenic rate. Thus, it may be assumed that the lipogenic rate is reasonably homogeneous in each layer of the backfat in the dorsal neck region. An experimental design that utilized sequential biopsy samples-e.g., sites 2, 3, 6, 1, etc.-would appear acceptable and also would eliminate the interference from wound healing processes.
The lipogenic rates in backfat layers 1 and 2 (the upper and middle backfat layers, respectively) were determined in the same experiment. At all six sites in all four pigs, there was a strong tendency for the rate to be greater in layer 1 than in layer 2. The mean rate for layer 1 for all four pigs was about 30% greater than the mean rate for layer 2. Anderson and Kauffman (1973) found activities of several enzymes associated with lipogenesis to be about equal in the outer and middle subcutaneous layers at 2 months of age (about 16 kg body weight), whereas at 5 months of age (about 73 kg body weight), there was considerably more activity in the middle layer. Hood and Allen (1973a) also reported generally greater enzyme activity in the middle subcutaneous adipose layer than in the outer subcutaneous layer in three different breeds of pigs at several weights beteeen 28 and 109 kilograms. In both studies, tissue samples were obtained from the subcutaneous depot in the region of the 10th rib. Since the subcutaneous depot develops at different rates at different anatomical locations, the patterns of layer development and, consequently, the lipogenic rates would be expected to be divergent at various sampling sites. For example, Anderson et al. (1972) found that lipogenic enzyme activities were lower in the subcutaneous adipose tissue from the medial portion of the hind leg than in backfat from the region of the 10th rib.
These differences in lipogenic rates between the backfat layers and anatomical sites indicate that a tightly controlled experiment would minimize the anatomical area of sampling and utilize only one subcutaneous adipose tissue layer or proportional amounts from the two layers. In smaller pigs, the limited amount of tissue obtained at biopsy generally precludes separation into tissue layers before the preparation of slices. Consequently, we pooled slices from both the upper and middle backfat layers to study lipogenesis.
Variation in Lipogenic Rate. Individual animals of similar weight in the same experiment may exhibit divergent lipogenic rates over the same 72-hr period of sampling. For example, the lipogenic rates (nanomoles glucose-U-14C/150 mg tissue/120 rain) measured in biopsy samples at O, 24 and 72 hr of the same experiment were 1.3, 1.4 and 1.5 • 103 for one animal, 1.3, .9 and 1.4 • 103 for another and 1.0, 1.1 and .4 • 103 for a third. There was no obvious explanation for the variation in the individual pig lipogenic rates, and we have commonly observed such variation. It appears that if a relatively large number of animals was utilized, essentially the same average lipogenic rate was obtained over a 72-hr period (table 1, Exp. 1). With a smaller number of animals per group (Exp. 2 and 3), the average rate was either fairly constant (Exp. 3) or quite variable (Exp. 2).
We found that in a number of experiments, the coefficient of variation for replicate assays of tissue from the same pig was about 12%, although for a particular pig it may have been lower or much greater. The latter situation may represent the presence of variable amounts of connective tissue in the slices used in the replicate flasks. There also appears to be a 12% coefficient of variation that remains unexplained after all short-term controlled variables-e.g., pigs, time, feed consumption and number of replicate assays per pig-have been accounted for. For short-term experiments-i.e., up to 2 weeks' duration-the initial lipogenic rate (day O) is often, but not always, useful as a covariate for adjusting the lipogenic rates observed during the study.
A plateau in the lipogenic rate of subcutaneous adipose tissue obtained from the neck has been demonstrated at about 20 kg body weight (Allee et al., 1971b) . Younger, lighter pigs closer to weaning had not reached the plateau bNanomoles glucose-U-~4 C incorporated into lipid/150 mg tissue/120 rain.
Cpigs were fed an amount at 0800 hr such that no more than 10% of the animals had feed remaining at 0800 hr the next day. When all animals consumed all feed, the daily amount was raised.
*Different (P<.05) from day 0 value from same experiment.
(table 2, Exp. 1, day 0). whereas after some unknown and fairly short time, the lipogenic rate descended from the plateau (Exp. 2, day 21). Although it would be desirable to conduct nutritional experiments that measure lipogenic rates at a time when the rate is not markedly changing, it does not appear possible to predict or control the time (age or weight) or level of the plateau for an individual pig or even for a group of pigs (table 2, Exp. 1 and 2). For example, in Exp. 1 (table 2), the pigs weighed 20 kg or less at day 7 and day 14 and their lipogenic rates apparently had plateaued, whereas in Exp. 2 (table 2), the rate in pigs at 22 kg (day 0) seemed to have just begun to plateau.
Limit feeding (table 2) resulted in a more stable and less variable lipogenic rate over sever- bAnimals fasted for 48 hr, then fed .3, .6, .6 and .9 kg feed on the third through sixth days and finally .5 kg at 0800 and 1600 hr each day until biopsy at 1100 hr on day 8. CAnimals fasted for 48 hr then fed .6 and .9 kg on days 3 and 4 and .6 kg at 0800 and 1600 hr each day until biopsy at 1100 hr on day 8. dNanomoles glucose-U-14C incorporated into lipid/150 mg tissue/120 min; mean -+ SE. All animals were biopsied at 1i00 hours.
eAdjusted to a day 0 mean of 1,054. *Different (P<.05) from value for group 1 at same time period. **Different (P<.01) from value for group 1 at same time period. +Different (P<.I) from value for group 1 at same time period. al weeks, although the rate appeared to be somewhat lower than that for ad libitum-fed groups. Careful examination indicates that the lipogenic rates may decrease with time (Exp. 3 and 5). This decrease may simply illustrate the difficulty of maintaining the limit feeding regimen at a level necessary to sustain the lipogenic rate because some individual pigs are underfed. It should also be noted that the lower lipogenic rate in limit-fed animals, although more stable and less variable, could interfere with the purpose of a particular experiment.
Nutritional Effects. Since limit-fed animals had a more stable lipogenic rate, we specifically investigated the effects of the feeding pattern on the adipose tissue lipogenic rate (table 3) . Adjustment of the day 8 data to a common day 0 mean by analysis of covariance was helpful, because the day 0 lipogenic rate varied between the groups in spite of random assignment of the pigs. Lipogenic rates in the ad libitum-fed group, in the group fed 1.2 kg/day and in one of the two groups initially starved and refed (groups 1, 2 and 5, respectively) decreased by about 15% between days 0 and 8 (table 3) . More severe feed restriction, as in the group fed .3 kg twice daily (group 4), resulted in a 60% decline in the day 8 lipogenic rate. Similarly, the group fed .6 kg twice daily (group 3) showed about a 45% decline in rate between days 0 and 8. The higher lipogenic rate in animals fed 1.2 kg once daily (group 2) than in those fed .6 kg twice daily (group 3) possibly reflects the increased rate expected in pigs adapted to meal feeding (Allee et al., 1972) or a shift in the diurnal pattern of the lipogenic rate due to the feeding pattern. The level of feed intake appears to be a major influence on the observed in vitro lipogenic rate. However, the intake close to the day of biopsy seems to be the most important factor, since starvation followed by two different refeeding patterns (groups 5 and 6) resulted in a day 8 lipogenic rate equal to or greater than that observed for the ad libitum-fed group.
Long-term fasting (14 or 28 days) totally suppressed the capacity of swine adipose tissue to incorporate glucose into fatty acids (Klain et al., 1977) . A short fast of 12 hr did not affect the lipogenic rate, and an 18-or 24-hr fast decreased it (table 4, Exp. 1A). After a 24-hr fast, 6 hr of refeeding partially restored the rate to what it had been during the feed state (table 4, Exp. 1B). Since the day 0 values varied between groups, the day 1 data were adjusted to a common day 0 mean. In another experiment, 10 ad libitum-fed animals weighing about 18 kg had a lipogenic rate (mean + SE) of 1,268 + 48, compared with 202 + 43 for a comparable group of five animals that had been starved for 40 hours. Refeeding the starved group for 24 or 72 hr raised lipogenic rates to 898 + 130 and 1,376 + 129, respectively; corresponding rates for the fed group were 1,281 -+ 61 and 1,251 + 104, respectively. It took more than 24 hr of refeeding for the lipogenic rate to recover from this longer fast. A group of animals was fed one-half the caloric intake of a limit-fed group for 28 days. The animals with the low level intake gained 50% as much weight as those with the high level of intake (table 5) . The lipogenic rate in the underfed group was depressed compared with that of the group with the higher caloric intake. After ad libitum refeeding for 2 weeks, weight gains for the two groups were comparable. The lipogenic rate increased in both groups during the 2-week ad libitum feeding period; the group previously fed the low caloric intake had a rate equal to or even greater than that of the high caloric intake group.
It is obvious from the various experiments involving feeding level and starvation coupled with refeeding that the nutritional status of the animal is a major factor contributing to the observed lipogenic rate. The nutritional status of each pig in an experiment must be carefully monitored, especially during the several days immediately preceding the biopsy if meaningful results are to be obtained.
Prediction of Body Composition. A group of pigs was selected at birth and weighed periodi-6 Scanogram, Ithaco Co., lthaco, NY. cally (table 6, Exp. 1). The rate of lipogenesis was measured in an adipose tissue biopsy sample at day 70 postpartum, and backfat thickness and loineye area estimates were obtained ultrasonically 6 at day 164 postpartum. The day 70 lipogenic rate was significantly but weakly correlated with body weight at all ages except 2 weeks postweaning (day 35). The day 70 lipogenic rate was not correlated with body length, loineye area, any of the individual backfat measurements (data not presented) or the average backfat at day 164.
In another experiment (table 6, Exp. 2), the body composition variables were measured at several times starting at a body weight of about 19 kg (designated as experimental day 0). Generally, stronger correlations were observed when the change in a variable was considered, rather than the absolute value at a particular time; consequently, only the change in variables is presented. The adipose tissue lipogenic rate in biopsy samples obtained on day 50 (53 kg) was not correlated with the gain from the start of the experiment (day 0 at 19 kg) to day 50, but was modestly correlated with the gain after the lipogenic rate determination, i.e., between day 50 and day 90. The same general trend was observed for the body composition variables, including backfat accretion. None of these was highly correlated with the lipogenic rate. The lipogenic rate might be useful in conjunction with other variables as a aThere were 10 crossbred animals per group. bAnimals fed .2 kg at 0800 hr and again at 1600 hr; gradually increased to .55 kg twice daily. The feeding level was such that no more than 10% of the animals had feed remaining at 0800 hr the next day. When all animals consumed all feed, the daily increment was increased.
CAnimals fed twice a day at 50% the level fed the high level group. dafter day 28, both groups were fed ad libitum. eLipogenesis indicated as nanomoles glucose-U-14 C incorporated into lipid/150 mg tissue/120 min. *Difference (P<.05) between values for high and low level groups. aAdjusted for sex differences.
